Abstract Cryptothecia austrocoreana is a new lichen species from South Korea. The species is characterized by the presence of a heteromerous thallus and faveolate ascigerous area (ascomata) immersed in a slightly raised thallus. The species has muriform ascospores, (4)6-8-spored 8-11 × 3-4 septate, (34)36-48(51) × (17)19-23(25) µm. Atranorin, chloroatranorin, and barbatic acid are present. In the phylogenetic tree, C. austrocoreana belongs to the arthonioid clade in Arthoniaceae.
The genus Cryptothecia is distributed in tropical or subtropical areas worldwide. Approximately 68 species of Cryptothecia have been reported to date, of which 65 were provided with a world key [1, 2] . General morphological characteristics of Cryptothecia are (1) byssoid thallus lacking isidioid outgrowths; (2) medulla I+ blue in patches; (3) trentepohlioid photobiont; (4) broadly clavate to globose thick-walled Cryptothecia-type asci, aggregated in ascigerous areas or loosely dispersed on thallus; (5) muriform ascospores with wavy septa [1] . Cryptothecia is morphologically similar to other genera belonging to Arthoniaceae. A distinguishing character is that Arthonia and Arthothelium have distinct fruiting-bodies, whereas Cryptothecia and Stirtonia lack distinct fruiting-bodies. Additionally, Arthonia and Stirtonia have transversely septated spores, whereas Arthothelium and Cryptothecia have muriform spores [3] . Phylogenetic studies based on DNA sequencing have indicated that Cryptothecia belongs to Arthoniaceae. Furthermore, Cryptothecia is reported to be polyphyletic [4] [5] [6] .
In South Korea, major genera such as Arthonia and Arthothelium of Arthoniaceae have been studied, but Cryptothecia is undiscovered. The genus Cryptothecia has been studied through a program for the undiscovered taxa of South Korea initiated by the National Institute of Biological Resources. Members of Cryptothecia usually grow on rough bark in shaded and humid subtropical forests. In South Korea, Jeju Island and the southern coasts have a subtropical climate [7] . Cryptothecia was collected from the vicinity of the Seonam Temple, which is located in Jo-gye Mountain Provincial Park in Jeollanam Province. The temple is surrounded by valleys that contain Carpinus tschonoskii, C. laxiflora, Acer pseudosieboldianum, and Meliosma myriantha. The aim of this study was to investigate the phylogenetic position of new species in Arthoniaceae through morphological, chemical, and molecular analysis.
MATERIALS AND METHODS
Morphological and chemical studies. The lichen specimens were collected from Seonam temple, Jeollanam Province, South Korea from 2016 to 2017 and deposited in the Korean Lichen Research Institute (KoLRI) (Fig. 1) . External morphological characteristics of lichen specimens were examined using a stereomicroscope (SZX-7; Olympus, Tokyo, Japan). Macro photographs were taken with an Olympus E450 camera using the Quick Photo Camera 2.3 software. The anatomy of the thalli and ascigerous areas was examined using a microscope (Eclipse Ni-U; Nikon, Tokyo, Japan) equipped with a Nikon DS-Fi1c camera, which was operated using the NIS-Elements BR software. Calcium oxalate crystals were identified using 25% H 2 SO 4 . Spot tests o '' of lichen specimens were conducted using 10% KOH (K), saturated Ca(OCl) 2 (C), 10% KOH followed by saturated Ca(OCl) 2 (KC), and 5% alcoholic p-phenylenediamine (P). Secondary metabolites of lichen specimens were identified using high-performance thin-layer chromatography (HPTLC) and thin-layer chromatography (TLC). HPTLC was performed using solvent systems A, B, and C [8] . TLC was performed using solvent systems A and C per the standard method [9] . Localities from which lichen specimens were collected were mapped using the open source GIS software Quantum GIS 1.7.4 (QGIS).
DNA sequencing and alignment. Genomic DNA was isolated from freshly collected lichen specimens using a NucleoSpin Plant II Kit (MACHEREY-NAGEL, Düren, Germany) according to the manufacturer's protocols. For the mitochondrial small subunit rDNA (mtSSU) region, the primers mtSSU1 (5'-AGCAGTGAGGAATATTGGTC-3') and mtSSU3R (5'-ATGTGGCACGTCTATAGCCC-3') were used. The PCR cycle was followed as described by Zoller et al. [10] . For the RNA polymerase II (RPB2) region, the primers fRPB2-7cF (5'-ATGGGYAARCAAGC-YATGGG-3') and fRPB2-11aR (5'-GCRTGGATCTTRTC-RTCSACC-3') were used. The PCR cycle as described by Liu et al. [11] was followed. Generated sequences were aligned with those of genera belonging to Arthoniaceae selected from GenBank (Table 1 ). All raw sequences were assembled and edited using BioEdit 7.09 [12] .
Phylogenetic analysis. The TVM + I + G model as bestfitting the data was determined using Akaike Information Criterion as implemented by jModeltest v2.1.10 for MrBayes [13] . Phylogenies were analyzed using maximum likelihood (ML), maximum parsimony (MP), and Bayesian inference. Bootstrap values were obtained in MEGA 7
using ML and MP methods with 1,000 bootstrap estimates. The ML was analyzed using the GTR + I + G model [14] . Bayesian analyses were conducted with the Metropoliscoupled Markov chain Monte Carlo method using MrBayes v. 3.1.2. In the Bayesian inference, two parallel independent analyses were performed using one cold and three heated chains for 1,000,000 generations, and trees were sampled every 100 generations [15] .
RESULTS AND DISCUSSION
A phylogenetic tree of the new species was produced by alignment with 28 sequences for mtSSU and 20 sequences for RPB2 selected from GenBank ( Table 1 ). The genera Herpothallon, Stirtonia, Myriostigma, Inoderma, and Tylophoron belonging to the cryptothecioid clade were included in the tree. The cryptothecioid clade consists of genera with a byssoid thallus morphologically similar to that of Cryptothecia. Chiodecton natalense (Roccellaceae) was included as an outgroup. Although Cryptothecia austrocoreana has morphological characteristics indicative of Cryptothecia, it was found to belong to the arthonioid clade in the phylogenetic tree based on mtSSU and RPB2 (Figs. 2 and 3) . Previous studies reported that Cryptothecia was polyphyletic and belonged to the cryptothecioid clade [4, 5, 11] . However, this is the first case in which Cryptothecia was found to belong to the arthonioid clade rather than cryptothecioid clade. To date, about 68 species of Cryptothecia have been reported, but only less than 10 species have sequencing data for comparison of relationships. Therefore, we have identified the phylogenetic position of Cryptothecia austrocoreana in Arthoniaceae with related genera. Cryptothecia sequences registered in the NCBI database are the results of RPB2, nuclear large subunit (nLSU), and mtSSU. We also used mtSSU, RPB2, and nLSU for phylogenetic investigation of Cryptothecia austrocoreana, however, we obtained sequences only for mtSSU and RPB2. The sequencing results of Cryptothecia and related genera confirm that Cryptothecia can belong to other groups in addition to the cryptothecioid clade. Further, sequence data of Cryptothecia and minor groups of Arthoniaceae are not sufficiently complete. Thus, a new marker gene that is advantageous for analysis of the Arthoniaceae phylogeny is proposed for further study.
New species.
Cryptothecia austrocoreana J.-J. Woo, L. Lőkös, E. Farkas & J.-S. Hur, sp. nov. (Fig. 4) Cryptothecia contain barbatic acid. C. fuscopunctata, which has a lichen substance similar to that in C. austrocoreana, differs in the size and shape of spores or the number of septa. In addition, C. fuscopunctata has a 135-300 µm thick thallus, which is much thicker than that of C. austrocoreana. Table 2 shows a comparison among species containing barbatic acid in the genus Cryptothecia. Chloroatranorin was only detected in solvent C in TLC 
